Footprinting and mutagenesis experiments demonstrated that Leptospira interrogans LexA binds the palindrome TTTGN 5 CAAA found in the recA promoter but not in the lexA promoter. In silico analysis revealed that none of the other canonical SOS genes is under direct control of LexA, making the leptospiral lexA gene the first described which is not autoregulated.
Genome integrity in bacterial cells depends on their DNA repair ability. In free-living bacterial species, many environmental factors, such as UV radiation, chemical compounds, and some antibiotics, can produce chromosomal lesions. DNA from pathogenic bacteria may be also affected by several host factors (e.g., oxygen and iron concentration). Likewise, metabolic endogenous compounds can also cause damage to bacterial DNA. For these reasons, bacterial cells possess several pathways involved in DNA repair. Despite the fact that most of them target specific kinds of DNA lesions (e.g., oxidative damage or presence of alkyl radicals in DNA), a global DNA damage response, known as the SOS system, is present in many bacterial species. This system facilitates cell survival when massive DNA damage occurs and the normal DNA replication of the bacterial cell is disturbed (20) . Genes belonging to the SOS system are directly repressed by the LexA protein, which has two clearly differentiated domains: the N-terminal domain, which specifically recognizes the operator (known as the SOS box) at which it binds, and the C-terminal one containing the amino acids Ser and Lys involved in the autocatalytic cleavage which takes place between Ala-Gly residues (12) . In the absence of DNA damage, LexA binds the SOS box present in the promoter region of the SOS genes, thereby blocking their transcription. Different sequences for the SOS box, which seems to be conserved for each bacterial evolutionary division, have been described (4, 5, 21) . Conversely, in the event of DNA damage, the product of the bacterial recA gene acquires an active conformation after binding to single-stranded DNA fragments generated either by DNA damage-mediated replication inhibition or by enzymatic processing of broken DNA ends (18) . Upon activation, the RecA protein promotes autocatalytic cleavage of the LexA repressor through a mechanism similar to that observed for serine proteases (11), thus initiating a global induction of the SOS response. After DNA lesions have been repaired, activated RecA protein concentration declines and noncleaved LexA returns to its usual levels, inhibiting again the expression of SOS genes. In all bacterial species studied so far, the product of the lexA gene also regulates its own transcription. On the other hand, the recA gene is not always under the negative control of the LexA protein (8) .
Spirochetes are helically coiled, gram-negative bacteria present in many microhabitats and may be free living, commensal, or parasitic. This bacterial order is important because of its many pathogenic species but also because of the role that the serial endosymbiotic theory has assigned to these organisms in the origin of the eukaryotic cell (13) . The genome sequences of several spirochetes have been reported: Borrelia burgdorferi, Treponema pallidum, Treponema denticola, and Leptospira interrogans (6, 7, 15, 17, 19) . Among them, only L. interrogans has a gene whose deduced product shows both DNA-binding and serine-protease domains compatible with those of a LexA-like protein structure. Importantly, other regulatory proteins, such as prophage and integrating-conjugative-element repressors, may also display a serine protease-like domain (1, 16) . Then, when bacterial genome sequences are analyzed in silico, some of these other regulatory genes may be inappropriately annotated as lexA. In the present work, the putative L. interrogans lexA gene was cloned and its protein product purified to determine if it is actually a LexA repressor, as well as to further understand the evolution of the LexA regulon in spirochetes.
Characterization of the transcriptional organization of the L. interrogans lexA gene. To determine the component genes of a bacterial regulon, the sequence to which any regulatory proteins bind must first be identified. All LexA proteins from bacterial species analyzed so far are able to regulate directly their own transcription, even in polycistronic transcriptional units. Analysis of the L. interrogans serovar Lai genome region containing the putative lexA gene revealed two open reading frames (LA1445 and LA1446) upstream of the lexA gene (Fig.  1A) .
In order to establish the genomic region in which the L. interrogans LexA box might be located, it was necessary to test if these three genes were cotranscribed. To perform this, reverse transcriptase (RT) PCR analysis of total RNA from L. interrogans serovar Lai cells, grown in EMJH medium, was carried out as described previously (3) with a set of appropriate oligonucleotide primers based on the L. interrogans sequence (17) designed to amplify fragments of suitable size in the event that lexA-LA1446 or lexA-LA1446-LA1445 was transcriptionally linked (Fig. 1A) . Data showed that transcription of the L. interrogans lexA gene is not linked with that of LA1445 or LA1446 (Fig. 1B) . On the other hand, LA1445 and LA1446 open reading frames constitute a single transcriptional unit (Fig. 1B) . Identification of the L. interrogans LexA binding sequence. Results described above allowed us to conclude that a putative L. interrogans LexA box might be located between the end of LA1446 and the beginning of lexA. To confirm this, the L. interrogans lexA gene was amplified by PCR using a forward primer (NdeI-lexA) containing an NdeI restriction site which incorporated the lexA ATG start codon. The reverse primer (BamHI-lexA) started 30 bp downstream of the lexA stop codon. The 659-bp PCR fragment containing the L. interrogans lexA gene was cloned into pGEM-T and then into the pET15b expression vector. The pET15b derivative containing the lexA gene was transformed into the Escherichia coli BL21(DE3) CodonPlus strain for overexpression of the LexA protein, which was subsequently purified using the Talon metal affinity resin kit (Clontech) as described previously (14) . The purity of the LexA protein was Ͼ95% as determined with Coomassie blue staining of sodium dodecyl sulfate-polyacrylamide gel electrophoresis (15%) gels (data not shown) following standard methodology (10) .
Likewise, and using LpLexAup (5Ј-CGAAACGGAAAACT AAAACCG-3Ј) and LpLexAdwn (5Ј-CTCAATTGCTTTGA GATGATC-3Ј) primers, a 490-bp fragment containing the region upstream of lexA and 202 nucleotides of the 3Ј end of LA1446 was obtained. When this fragment was used in electrophoretic mobility shift assay experiments with purified L.
interrogans LexA protein, no specific shift in electrophoretic mobility was detected ( Fig. 2A) .
Since transcription of many bacterial recA genes is negatively regulated by LexA, we analyzed whether the L. interrogans recA region binds leptospiral LexA. Figure 2B indicates that the L. interrogans LexA protein binds to a 225-bp fragment containing the upstream region of recA. This DNA-protein interaction is specific because it was abolished by an excess of unlabeled L. interrogans recA promoter but not when an excess of nonspecific DNA was added ( Fig. 2A) . Likewise, and in accordance with data presented above, the presence of unlabeled L. interrogans lexA promoter region did not eliminate this DNA-LexA complex ( Fig. 2A) .
A possible explanation for the negative results obtained in the RT-PCR analysis (Fig. 1A) concerning the transcriptional organization of the leptospiral lexA gene could be a consequence of a dramatically low basal expression of this gene. If this were the case, a leptospiral LexA box could still be present upstream of either LA1445 or LA1446. To test this possibility, two unlabeled DNA fragments, containing the region upstream of either LA1445 or LA1446, were used as competitors against the LexA-recA promoter region mixture. Results showed that neither region inhibited the binding of LexA to the recA promoter, consistent with the absence of a leptospiral LexA box upstream of these two open reading frames (Fig. 2B ). All these data supported the conclusion that the L. interrogans lexA gene is not autoregulated but that it does encode a LexA repressor because, as described for many other LexA proteins, its product is able to bind the recA gene promoter region.
The sequence to which the L. interrogans LexA protein binds was localized precisely through footprinting experiments with the recA promoter region using the ALF sequencer (Pharmacia Biotech) as described previously (2) . The results showed that a core region of 20 nucleotides (AATTTTTGCTATACA AATAC), centered at the Ϫ206 position with respect to the hypothetical translational start point of recA, was protected when both coding and noncoding strands of this gene were analyzed (Fig. 3) . Inspection of this sequence revealed the presence of a perfect palindrome whose left and right halves are TTTG and CAAA, respectively.
To confirm the footprinting results and to determine if this palindrome is the sequence recognized by the leptospiral LexA, point mutations were introduced into each of the nucleotides, as well as in immediate flanking regions. Directed mutagenesis of the L. interrogans recA promoter was carried out by PCR as described previously (2), and the presence of DNA changes was confirmed by sequencing on an ALF sequencer (Pharmacia Biotech). The results showed that leptospiral LexA binding requires both halves of the palindrome, since mutagenesis of nucleotides in either half diminished the formation of the DNA-LexA complex (Fig. 4) . As expected, no copy of this palindrome was found upstream of the L. interrogans lexA gene when a search using the RCGScanner informatics program (4) was carried out. Furthermore, none of the other L. interrogans canonical genes belonging to the bacterial SOS system (uvrAB, ruvAB, ssb, and recN) (4, 5) have a copy of the TTTGN 5 CAAA palindrome in their promoter regions, indicating that the only gene directly regulated by the LexA repressor in this organism is recA. Moreover, analysis of the recently sequenced genome of L. interrogans Copenhageni Fiocruz L1-130 (15), a strain different from that studied in this work, also shows the presence of the TTTGN 5 CAAA palindrome upstream of recA but not upstream of lexA.
The fact that only the recA gene is under the direct control of LexA in L. interrogans could indicate an intermediary stage in the process of genomic reduction which seems to occur in spirochetes. Thus, the presence of a lexA gene in L. interrogans appears to be an evolutionary step prior to the loss of this gene in pathogenic spirochetes such as T. pallidum, T. denticola, and B. burgdorferi, whose genomes are significantly smaller than that of L. interrogans. Furthermore, it must be noted that the absence of a lexA gene in these three spirochetes may increase their fitness against the continuous DNA damaging host defense factors because they exhibit constitutive expression of genes belonging to the recombinational DNA repair pathway (recA, ruvAB, and recN), which is the principal mechanism for DNA damage repair in chromosomes of pathogenic bacteria (9) .
